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114Simulator training on pulsatile vascular models
signiﬁcantly improves surgical skills and the quality
of carotid patch plasty
Nikolaus Duschek, MD,a Afshin Assadian, MD,a Peter M. Lamont, MD, FRCS,b Klaus Klemm, MD,c
Jürg Schmidli, MD,d Herbert Mendel, MD,e and Hans-Henning Eckstein, MD,f Vienna, Austria; Bristol,
United Kingdom; Stuttgart, Germany; Berne, Switzerland; Vienna, Austria; and Munich, Germany
Objective: Vascular surgeons perform numerous highly sophisticated and delicate procedures. Due to restrictions in
training time and the advent of endovascular techniques, new concepts including alternative environments for training
and assessment of surgical skills are required. Over the past decade, training on simulators and synthetic models has
become more sophisticated and lifelike. This study was designed to evaluate the impact of a 3-day intense training course
in open vascular surgery on both speciﬁc and global vascular surgical skills.
Methods: Prospective observational cohort analysis with various parameter measurements of both surgical skills and the
technical quality of the ﬁnished product, performed before and after 3 days of simulator training of 10 participants (seven
male and three female) in a vascular surgery training course. The simulator model used was a conventional carotid
endarterectomy with a Dacron patch plasty on a lifelike carotid bench model under pulsatile pressure. The primary end
points were assessment of any changes in the participants’ surgical skills and in the technical quality of their completed
carotid patches documented by procedure-based assessment forms. Scores ranging from 1 (inadequate) to 5 (excellent)
were compared by a related-sampleWilcoxon signed test. Interobserver reliability was estimated by Cronbach’s alpha (CA).
Results: A signiﬁcant improvement in surgical skills tasks was observed (P < .001). The mean score increased signiﬁcantly
by 21.5% from fair (3.43 6 0.93) to satisfactory (4.17 6 0.69; P < .001). The mean score for the quality of the carotid
patch increased signiﬁcantly by 0.96 (27%) from fair (3.55 6 0.87) to satisfactory (4.51 6 0.76; P < .01). The median
interassessor reliability for the quality of the carotid patch was acceptable (CA [ 0.713) and for surgical skills was low
(CA [ 0.424).
Conclusions: This study shows that lifelike simulation featuring pulsatile ﬂow can increase surgical skills and technical
quality in a highly sophisticated multistep vascular intervention. This training provides comparatively inexpensive and
lifelike training possibilities for the adoption and assessment of surgical skills required to perform delicate vascular
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8Vascular surgeons are highly trained specialists who
deal with quite morbid patients on a daily basis. These
surgeons must adapt numerous, rather sophisticated skills
of continuously increasing complexity, partly due to the
advent of new endovascular therapies requiring different
abilities than those used in conventional surgery.1,2 This
effort is thwarted by a decrease in training time due to
new working time regulations in the United States and in
the majority of European countries,3 as well as the emer-
gence of vascular surgery as a distinct specialty with its
own residency in the United States (0 þ 5 years) and
Europe (2 þ 3 years), which reduces the experience
formerly gained in a general surgery residency.
Carotid endarterectomy (CEA) is one example of
a commonly performed delicate procedure in vascular
surgery that eventually can cause iatrogenic stroke. Only
high-volume centers4 or surgeons5 with excellent manual
dexterity and a perioperative complication rate <3% (or
6% in symptomatic stenosis6) should perform this interven-
tion.7 Due to advances in educational theory, ethical
Table. Surgical background and experience of 10 study participants (trainees) of the intensive course in vascular surgery
on lifelike bench models
Trainees’ background Mean SD
Age, years 34 6.05
Gender, male, n 7.0
Specialist in general surgery, n 2.0
Surgical residency, n 10.0
General, n 3.0
Cardiothoracic, n 1.0
Vascular, n 2.0
Vascular integrated, n 4.0
Training in vascular surgery, years 3.01 1.98
Training in surgery, years 3.81 2.02
Number of open vascular procedures performed 21.70 12.21
Number of endovascular procedures performed 9.90 13.97
Number of CEAs performed 2.20 2.82
Experiencea in open vascular procedures 1.47 0.46
Experiencea in CEAs 1.90 0.88
Experiencea in endovascular procedures 1.43 0.59
Country of residency, n Austria 3, Brazil 1, Germany 4, Romania 1, Switzerland 1
CEA, Carotid endarterectomy; SD, standard deviation.
aExperience scored on a scale ranging from 1 ¼ none to 5 ¼ expert.
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acceptable model upon which residents can practice the
acquisition of new skills. Therefore, new concepts,
including alternative environments, especially during the
earlier stages of technical skills acquisition, and objective
supervision for training and assessment of surgical skills
are required.8,9 Current approaches to overcoming limited
open operative experience include involving multiple
surgical trainees in rarely performed open procedures, rota-
tions at high-volume centers, and use of surgical simula-
tion,8-11 which has emerged over the past decade and, if
implemented properly,12 might offer a solution to some
of the aforementioned challenges.13-15 However, whether
this method can really deliver what we expectdspeciﬁc
and efﬁcient improvement of surgical skills and technical
quality of a sophisticated and delicate vascular procedure,
such as CEA with patch angioplastydis not clear.
This study aims to evaluate the efﬁciency of a 3-day
intense training course for the performance of a highly
sophisticated surgical procedure in a realistic carotid bench
model with regard to speciﬁc and global vascular surgical
skills and technical quality.
METHODS
Study design. This study was a partially assessor-
blinded prospective observational cohort analysis with
pre- and postinterventional measures.
Setting and participants. There were ten candidates
(seven male and three female) of a vascular surgical training
course with variable training experience in vascular surgery.
The 10 study participants were currently enrolled in an
acknowledged surgical residency program and had per-
formed <10 CEAs as a surgeon (Table). The candidates
were randomly selected, received no remuneration, and
gave informed consent to have the results of the study
published. The participants were assessed before andimmediately after a 3-day advanced vascular surgery training
course, the Vascular Masterclass offered by Vascular Inter-
national, Pontresina, Switzerland, January 24-28, 2012.16
The Vascular International Foundation is committed to
the idea of enhanced training and learning of vascular
surgical techniques using lifelike models and has conducted
open and endovascular courses for more than 20 years.
Training. The training consisted of 3 days of training
with personal tutors (experienced vascular surgeons from
different European surgical departments).16 The intensive
course was designed with alternating modules of surgical
praxis (total 18 hours) and theory (total 5.5 hours) (see
Appendix 1, online only, for course details). The modules
addressed various topics, including conventional and
endovascular infrarenal aortic surgery with peripheral
arterial occlusive disease and abdominal aortic aneurysm,
endovascular surgery of thoracic aortic aneurysm, carotid
TEA with/without patch plasty, eversion TEA, carotid
stenting and angiography, distal bypass surgery, and
endovascular treatment of peripheral arterial occlusive
disease. The training for CEA with/without patch plasty
consisted of one theoretical (1 hour) and two practical
modules (3.5 hours each) at the lifelike bench model.
Two trainees per bench model wore gloves and gowns
and followed the stepwise demonstration transmitted to
the screen at each workstation by the convener. Personal
tutors advised the trainees (mean ratio of one tutor to
three trainees) on how to perform each step of the CEA
with patch plasty and other interventions carefully and
provided explanations, manual guidance, and feedback.
Each trainee performed and assisted with the CEA with
patch plasty at least two times per module. The remaining
time was allowed for free practice.
Materials. Carotid bench models were lifelike simula-
tors of the carotid artery (common, internal, and external)
under pulsatile pressure. These models allow execution of
Fig 2. Tutors blinded to time point and study participant assess
the technical quality of the completed patch (seven items each for
the external and internal aspects).
Fig 1. Carotid bench models were lifelike simulators of the carotid
artery (common, internal, and external) under pulsatile pressure,
which allows execution of practical hands-on exercises in a realistic
mode, provided by Vascular International School AG.
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are provided by Vascular International School AG.16 The
polyester carotid patches were provided by Vascutek
(Renfrewshire, Scotland, UK) and the 6-0 polypropylene
sutures by Serag Wiessner KG (Naila, Germany).
Tasks and assessment. The 10 candidates were asked
to perform a conventional CEA with a Dacron (polyester)
patch plasty, a standardized procedure that was assessed by
the tutors before and after the 3 days of training. The surgical
skills (global and task-speciﬁc) of each trainee were assessed
by the same three tutors (of six different tutors involved in
the study) before and after the 3 days of training. After 3
days, all carotid models with patch were collected (Fig 2),
and the technical outcome was assessed by two tutors (of six
different tutors involved in the study) blinded to the time of
the carotid patch plasty and the identity of the participants.
Standardized worksheets were used to document both the
operative skills (six global and nine task-speciﬁc items;
Appendix 2, online only) and the technical outcome (seven
items each for the external and internal aspects of theperformed CEA with patch; Appendix 3, online only). The
form in Appendix 2 was shortened and adapted for the
study’s simulated environment from procedure-based as-
sessments that are actually used to evaluate surgical skills in
the United Kingdom17 and have proved to be useful for
assessment of CEA performance.18-20 With procedure-
based assessments, the assessors do not need to have prior
knowledge of the trainee.17 A score ranging from 1 to 5 (1¼
inadequate, 2 ¼ poor, 3 ¼ fair, 4 ¼ satisfactory, 5 ¼ excel-
lent) per item was used. During the course, standardized
lifelike pulsatile bench models were used.21 All models
allowed stepwise performance of the CEA until its full
completion. Complications were not simulated, occurred
randomly, and were documented in the assessment forms
(Appendices 2 and 3, online only).
Statistics. Mean scores of paired samples were
compared by a related-sample Wilcoxon signed test. The
surgical skills assessment consisted of six global and nine
task-speciﬁc items, and the technical outcome assessment
consisted of seven items each on the inner and outer
surfaces of the sewn-in Dacron patch. The “overall
impression”dscores that were not statistically derived as
means from the other scores but were provided by each
assessor and served to record the assessors’ overall
impressiondreﬂected the individual experience of each
referee. The pre- and post-training scores as well as the
increase in scores were used as dependent variables in
univariate linear regression models (analysis of variance) for
estimation of the impact of the surgical background of the
trainees as the variables documented in the Table: age,
gender, training in vascular surgery or surgery (years),
number of open vascular or endovascular or CEA proce-
dures performed, and experience (1 ¼ none, 5 ¼ expert) in
open vascular or endovascular or CEA procedures. The
differences in scoring between the assessors on the post-
training surgical outcome parameters were evaluated in
a linear regression model (analysis of variance). Interob-
server reliability of the assessors was estimated by calcula-
tion of Cronbach’s alpha (CA). A two-sided P < .05 was
considered statistically signiﬁcant. All analyses were per-
formed using PASW version 18.0.3 (IBM, Somers, NY).
RESULTS
Ten trainees (mean age, 34 6 6.1 years) with various
surgical backgrounds (Table) who, on average, had per-
formed 2.2 6 0.9 CEAs as a surgeon were assessed before
and after 3 days of intense training on a lifelike carotid
bench model providing pulsatile ﬂow.
Surgical skills assessment. After 18 hours of training,
an improvement in all items (signiﬁcant in 13 of all 15
tasks) was observed (Fig 3). The total mean score
increased signiﬁcantly by 21.5% from fair (3.43 6 0.93) to
satisfactory (4.17 6 0.69; P < .001). The mean score
increased by 0.63 (16.1%; P < .005) for the “global”
surgical skills and 0.90 (24.9%; P < .005) for the “task-
speciﬁc” surgical skills.
Technical outcome assessment. After the training, an
improvement was registered in all of the standardized
Fig 3. Surgical skills assessment for six global (g) and nine task-speciﬁc (t) items. CI, Conﬁdence interval; CCA,
common carotid artery; ECA, external carotid artery; EEA, eversion endarterectomy; ICA, internal carotid artery; n.s.,
not signiﬁcant; std, standard deviation.
Fig 4. Technical outcome assessment for seven items each on the interior (I) and exterior (E) surfaces of the carotid
endarterectomy (CEA) with Dacron patch plasty. ACC, Common carotid artery; ACI, internal carotid artery; CI,
conﬁdence interval; n.s., not signiﬁcant; std, standard deviation.
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14 (Fig 4). The mean score increased signiﬁcantly by
0.96 (27%) from fair (3.55 6 0.87) to satisfactory (4.51 6
0.76; P < .01) for both the inner and outer surface
assessment of the lifelike model of the carotid artery on
which the standardized CEA with patch angioplasty was
performed. With the exception of “experience in open
vascular procedures,” none of the other variables showed
an impact on the surgical skills or technical outcome of the
carotid patch plasty. “Experience in open vascularprocedures” was associated with a signiﬁcant score increase
in the technical outcome assessment (odds ratio, 0.40; 95%
conﬁdence interval, 0.01-0.98; P < .05).
Tutor assessment. The median interassessor reliability
for technical outcome was acceptable, with a CA of 0.713
(Fig 5). In a linear regression model, the differences
between assessors had no signiﬁcant effect on the scoring
of 92.9% of the technical outcome parameters (13/14
items) with the exception of “external suture distance.”
The differences between assessors had no signiﬁcant effect
Fig 5. Box plot of interobserver reliability by Cronbach’s alpha (CA).
JOURNAL OF VASCULAR SURGERY
1152 Duschek et al April 2013on the post-training scores in the “overall impression”
patch assessment.
The median interassessor reliability for surgical skills
was low, with a CA of 0.424 (0.447 for task-speciﬁc
surgical skills, 0.165 for global surgical skills). The differ-
ences between assessors had no signiﬁcant effect in all
(5/5) global surgical skills. The differences between asses-
sors had a signiﬁcant effect in the task-speciﬁc surgical skills
assessment regarding task 3 (eversion endarterectomy
plane in common carotid artery, transects plaque in
common carotid artery) and task 6 (checks for and removes
debris with forceps).
DISCUSSION
This study shows that training in a lifelike environment
can signiﬁcantly increase ﬁne surgical skills and outcome in
the performance of a delicate vascular intervention, here for
the ﬁrst time in a standardized carotid intervention with
patch plasty. This is achieved using a comparatively low-
cost, easily accessible model that can simulate a lifelike situ-
ation by featuring pulsatile ﬂow.
The training effect. Within the last decades, a substan-
tial body of literature on educational theory in medicine
has emerged, and to review all of it is beyond the scope
of this study. However, excellent articles have recently
summarized major concepts that apply to practical skills
teaching in surgery.22,23 Most popular is the theory of
Fitts and Posner,24 who described the three-stage model of
motor skill acquisition: cognition (learning), integration
(practicing), and automation (intuitive performance) of
motor skills. The second important concept is that of
Ericsson25,26 delineating the importance of repeated and
deliberate practice in order to gain and maintain expert
performance.
With regard to these concepts, important issues in this
study have to be addressed. First, this intensive courseaddresses trainees at the beginning of their vascular surgical
curriculum, within the ﬁrst to second stage of motor skill
acquisition,24 when simulatory training seems best ﬁtted.
The training showed a signiﬁcant improvement in surgical
skills as well as in technical outcome. Whether these results
are transferrable into surgical practice remains to be
proven. It is known that assessment with lifelike models
is very useful for discriminating different levels of real-life
experience,19 so it seems a reasonable assumption that,
vice versa, repeated training on these models will have
a positive impact on daily surgical practice. In addition,
this ability for high discrimination renders these bench
models as perfect tools for competency-based assessments
of residents.
Second, the results from this study were obtained
after an intensive training course of 3 days. It has been
demonstrated that residents retain and transfer surgical
skills better if they are taught in a distributed manner
rather than in a single “massed” course.27 Moreover,
without continuous repetition, this experience is of
limited duration.28 However, simple repetition of a task
is ineffective unless reinforced by a drive to learn and to
improve.29 According to Ericsson,25,26 the acquisition of
expertise requires sustained deliberate practice, which
proves to be more important than simple years of surgical
experience over at least 10 years; this has been shown for
surgical simulation as well.30 The conditions under which
learning takes place exert a profound effect on recall.
Practice itself must be supported by focused feedback
and reﬂection31,32 in order to detect and eliminate any
deﬁciencies of skills, as occurred in this intensive course.
Because new information must be embedded meaning-
fully in relevant, previously existing knowledge to ensure
that it will be retrievable when necessary,31 the practical
modules of this course were supported by theoretical
lessons. This, too, might have resulted in “experience in
JOURNAL OF VASCULAR SURGERY
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increase in the technical outcome. Still, the skills gained
in these 3 days will not be maintained unless they are
repeated over and over again in a similar fashion in the
participants’ curriculum unless automaticity and expertise
have been achieved.24-26 Optimal training intervals have
not yet been determined.33
The lifelike bench model. Surgical skills laboratories
have been developed in many surgical training programs
for adjuvant surgical skills training and competency assess-
ment.8,19 However, these models lack sufﬁcient realism,
which led to the emergence of cadaver courses,34,35 which
provide trainees with an opportunity to improve their
clinical anatomy skills by dissecting organ tissue and gain-
ing exposure to delicate vascular structures35 rarely seen in
normal training. Nevertheless, there are several drawbacks.
The supply of cadavers is limited, they are expensive, and
they are associated with ethical considerations. Fresh
cadavers lack pulsatile ﬂow, and the simulated operative
experience lacks the urgency and stress of real-life operative
vascular interventions. Moreover, in order to offer deﬁned
and target-oriented standardized training of a technically
challenging technique, in this case CEA with patch plasty,
cadavers are simply not necessary. Conventional CEA
bench models are a valid tool to assess the performance of
CEA by vascular surgeons.19 Nevertheless, they lack the
power to discriminate higher levels of expertise, which can
be overcome if a certain stress level is maintained by
incorporating real-life complications during the training
procedure.20 In this study, this was accomplished through
a carotid bench model with integrated pulsatile ﬂow, which
eventually led to leakage and “bleeding” if the endarter-
ectomy was not performed properly. Thus, we were able to
accomplish the training and assessment on a realistic, easily
accessible carotid bench model at comparatively low cost.
The assessment. The assessment of the trainees con-
sisted of two parts: surgical skills and surgical outcome.
CEA is a complexmultistep interventionwith highly variable
approaches and suturing techniques. The assessing tutors are
experts in theirﬁeldwhohave their roots in variousEuropean
surgical schools, teaching and practicing their own unique
style of performing CEA. This might have caused the
comparatively low interobserver reliability for the assessment
of surgical skills but, of note, was not the case for blinded
technical outcome assessment of the inner and outer sides
of the patch. The advantage of this teaching approach is
the combination of the standardized method21 of how to
perform a CEA with patch demonstrated by one convener
with the additional transfer of individual, intuitive expert
knowledge.12 Furthermore, the related sample test analysis
showed an improvement for all of the candidates after the
training. Thus, although a discrepancy between the assessors
cannot be excluded, the relative improvement of each
candidate was clearly registered.
Study limitations. This study allowed us to evaluate
the assessors and revealed only moderate interobserver reli-
ability, which would be important for consistent and efﬁ-
cient transfer of training content to residents and forcompetency-based assessments. Of note, Vascular Inter-
national has the idea of exchanging, rather than elimi-
nating, different approaches from various surgical schools,
so complete congruency in training and assessment cannot
be expected compared with other trials having CA >
0.9.19,20 Nevertheless, this factor must be considered in the
feedback for the trainees, and adequate training for the
tutors21 and for assessment is mandatory. Another draw-
back is that the assessment of the trainees’ surgical skills was
not blinded. The co-authors work for Vascular Interna-
tional in various positions. As tutors, they partially
instructed and supervised the course trainees, including the
10 study participants. They assessed the surgical skills and
the technical outcome of the CEA with patch plasty. Thus,
a potential bias arises from the nonblinded assessment of
the surgical skills. Nonetheless, a bias can be excluded in
the assessment of the technical outcome, as the two co-
authors were blinded to the date and identity of the
patch plasty. Still, although nonblinded assessment might
save costs and is not required for training, it certainly is
relevant for exams and educational credentialing and can
be performed by post hoc blinded videos.19,20
CONCLUSIONS
In this single-center prospective and partly assessor-
blinded study, we were able to demonstrate for the ﬁrst
time that an intense course in a simulated lifelike environ-
ment provided signiﬁcant improvement of task-speciﬁc and
global surgical skills and technical outcomes in a highly
sophisticated surgical procedure, in this case CEA with
patch plasty. The simulated environment with lifelike
models featuring pulsatile ﬂow offers many advantages in
targeted vascular surgery training with respect to costs
and ethical considerations. Repetitive integration of such
courses into residencies or fellowships can signiﬁcantly
enhance training depth and efﬁcacy.AUTHOR CONTRIBUTIONS
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